• AIM: To investigate the published papers of ophthalmology in past ten years and explore the development of ophthalmology.
INTRODUCTION

S
cientific papers are the carrier of scientific and technological achievements, the level of scientific papers directly reflect the level of scientific and technological development. Price, one of the leading contributors to the use of citation analysis has taken the scientific process to the point of defining scientific papers as the chief product of a scientist's work, and a scientist as one who writes scientific papers [1] . Scientific work impels scientists to publish their achievements and the achievements must been peer-reviewed before publishing [2] . So scientific papers can represent the scientific work to a certain degree and the relationships between discrete pieces of work are represented by the references in the papers [3] . The papers can be used for quantitative comparison of the publication activity in different countries [4] . Ophthalmology has become one of the fastest growing clinic specialties with the development of modern science and technology (S&T) [5] . Based on the WHO data, around 253 million people live with vision impairment worldwide, of which 36 million are blind [6] . As we in the Big Data era now, ophthalmology information is growing in an exponential way. We have the better opportunity to know the development of ophthalmology in the world. Many researchers had studied strabismus, amblyopia and blind caused by diabetic retinopathy, glaucoma or cataract using scientometric methods [7] [8] [9] [10] . Meanwhile, the prevalence and causes of vision loss were difference in different regions by scientometric analysis [11] [12] [13] . Some studies only through Science Citation Index (SCI) impact factor analyzed journals' impact [14] [15] [16] . Fang et al [17] analyzed the trend and hot topic in ophthalmology based on Essential Science Indicators (ESI) papers. Scientific papers are continuous and almost complete in Web of Science which is suitable for comparisons and analyses. Previous researches prefer to focus on some specialties in ophthalmology and the study of Fang et al [17] is not complete. Ophthalmology papers needn't to distribute in ophthalmology journals and the study only focus on highly cited papers. In this study, we try to explore the whole status of ophthalmology in the world.
MATERIALS AND METHODS
In the present study, we investigated the growth and distribution of papers in ophthalmology. We also researched the impact of ophthalmology journals. Additionally, the analyses of highly cited papers in ophthalmology and comparison between countries (regions) were also elaborated in this study. Papers in Science Citation Index (SCI) were classified into one or more categories. We indexed papers that belong to ophthalmology category and limited the document types to article and review. Journals in SCI were also classified into one or more categories. We indexed ophthalmology journals in ophthalmology category. The data had been retrieved in SCI, spanning year 2007-2016 and downloaded online in November, 2017. The SCI was a citation index originally produced by Clarivate Analytics (former Institute of Scientific Information). Science Citation Index Expanded covers more than 8500 notable and significant journals, across 150 disciplines. The keywords in this study was based on 'Keywords Plus' that was the result of Clarivate Analytics editorial expertise in science.
Editors reviewed the titles of all references and highlight additional relevant but overlooked keywords that were not listed by the author or publisher. Keywords plus could describe the papers' content from a deeper and broader perspective [18] . Based on those scientometric analyses, we tried to put forward some conclusions and policy recommendations.
RESULTS
Development of Published Papers in Ophthalmology
World S&T papers had achieved a spectacular growth with the rapid development of S&T activities. The number of papers grew fast when its fields are in the phrase of growth period. The number of ophthalmology papers grew from 7450 in 2007 to 9089 in 2017 which result in a 2.2% annual average growth rate. This increase rate was close to that of world papers'. The number of papers in the world increased from 982 015 in 2007 to 1 456 872 in 2016. The annual average rate of increase was 4.5%. Ophthalmology had a long history and after so many years development, its fields were in a mature state relatively. As shown in Figure 1 , the growth of ophthalmology was gently. In Figure 1 , the number of ophthalmology journals after a growth from 2007 to 2011 stepped into a stable situation. The number kept around 57. The development of journals usually wanted to meet a certain field or some fields development. So we could observe the development level from the number of ophthalmology journals. Regional Distribution of Published Papers There were 84 681 ophthalmology papers from 2007-2016. The ophthalmology papers (records more than 2) distribute in 145 countries (regions) and 29 200 papers came from USA, accounts for one thirds ophthalmology papers in the world. The ophthalmology papers in USA were far more than UK the No.2 country in Figure 2 . The highly cited papers from USA accounts for two thirds in the world's ophthalmology papers. The performance was very outstanding as shown in Figure 2 . There was a large gap between USA and other countries (regions). There were 3 Asian countries in Top 10 countries by the number of ophthalmology papers. They were China, Japan, and South Korea. In the development history of ophthalmology, Asian had been playing an important role. Highly cited papers distribution could reflect the impact of different countries in the field of ophthalmology. Considering the impact, only Japan broke into Top 10. Another Asian country -Singapore ranks No.10 in highly cited papers rank in countries (regions). Table 1 showed the keywords in highly cited papers in ophthalmology by year. The Top 3 keywords in highly cited papers were "endothelial growth factor", "optical coherence tomography" and "open-angle glaucoma".
Regional Distribution of Ophthalmology Journals
Based on the newest Journal Citation Report, there were 59 ophthalmology journals. They distributed in 13 countries. As it was showed in Table 2 , ophthalmology journals in USA took up to more than half. Among the 84 681 ophthalmology papers, there were 282 highly cited papers which distribute in 30 journals. Totally 102 highly cited papers were published in Ophthalmology (USA), 30 in Progress In Retinal and Eye Research (UK). Highly cited ophthalmology papers in this two journals accounted for 46.8%. DISCUSSION Ophthalmology is a mature subject and it is stepping into the phase of quality jumping. The increase rate of ophthalmology papers is slower than that of world papers. The number of ophthalmology journals is stable relatively after 2010. USA is in the leading position in ophthalmology. The ophthalmology papers in USA accounts for one thirds in the world's ophthalmology papers. The impact of ophthalmology papers from USA is outstanding. Among the highly cited papers, the number of international collaboration countries with USA reaches to 37. We have analyzed the data and found that USA pay more attention to international collaboration. As we can see from Figure 3 , USA emphasizes the collaboration in the ophthalmology activities. USA has strong relationships with Germany, UK and Japan. Compared with the papers' number, these countries has more impact in the field of ophthalmology. Only three of Asian countries (China, Japan, and South Korea) are in Top 10 by the number of ophthalmology papers. In the development history of ophthalmology, Asian countries play an important role but the influence needs to be increased. Leading global causes in 1990 and 2010 for blindness and for moderate to severe visual impairment were cataract, uncorrected refractive error, macular degeneration and with no change in the frequency-based ranking list from 1990 to 2010 [19] . Up to now, globally, uncorrected refractive errors and un-operated cataract are still the top two causes of vision impairment [6] . The top 3 keywords in highly cited papers are "Endothelial Growth factor", "Optical Coherence Tomography" and "Open-Angle Glaucoma". This result shows that in recent years, more attention has been paid to the innovation of diagnosis and treatment of diseases. China has a long history in the development of ophthalmology and contribute a lot to the world. China's ophthalmology papers from 2007-2016 take up to 7.7% and rank in No.4. China is the 12 th in the highly cited papers ranking. China has more and more impact in the field of ophthalmology, but before the quality jumping, we need more patience. Strengthen the collaboration with other countries, especially the powerful countries in the field of ophthalmology such as USA, UK, Germany and so on. Collaboration plays an important role in S&T activities with the widening of economic globalization and the relationship of collaboration exists in scientific papers [20] [21] . There is only one China's ophthalmology journal in Journal Citation Report-International Journal of Ophthalmology. Totally 59 ophthalmology journals distribute in 13 countries and USA takes up to a half. The impact of journal plays an important role in conducting highly cited papers [22] . It's not easy to make an outstanding journal and the influence of journal is not affected by the individual papers with unusual Email:ijopress@163.com number of citations [23] . China would have a greater impact in global ophthalmology till we had more international ophthalmology journals with high quality.
